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(54) Filtering apparatus and 
method 

(57) The apparatus comprises a 
housing containing a substantially 
vertical grating 20 (e.g. louvres 22 
or a mesh screen) and a substan- 
tially vertical microporous gas filter 
element 1 2, the said grating and 
element being spaced apart to pro- 
vide a zone for the passage of gran- 
ular filter material 1 8 downwards 
therebetween. The housing further 
comprises a gas inlet and a gas 
outlet. In operation, a gaseous 
stream containing particulate con- 
taminants passes through the gas 
inlet the grating, the body of gran- 
ular material 18 and the micropo- 
rous gas filter element and then out 
the gas outlet. The particulates car- 
ried in the gaseous stream are re- 
tained in the body of granular 
material and upon the upstream 



face 14 of the gas filter element. 
The body of granular material is 
moved through the said zone and 
across the upstream face of the gas 
filter element 1 2 to scour the up- 
stream face 14 and remove the 
collected particulates, which are 
carried out of the housing, such 
that a substantially uniform pres- 
sure drop across the apparatus is 
maintainable during its operation. 
Element 1 2 may be of various filter 
media. Material 1 8 may be sand or 
various adsorbent or reactive media. 
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SPECIFICATION 

Filter apparatus and method 

5 This invention relates to the elimination of 
polluting constituents from gaseous 
streams. The invention is particularly applica- 
ble to the removal of solid particulates from a 
high temperature gas. 
10 The problems of air pollution as a result of 
the venting of waste gases have been long 
recognized and the subject of a substantial 
amount of current research. Various tech- 
niques are being used to treat waste gases to 
1 5 separate, for example, ffy ash from flue gases. 
In such treatment gas filters, dynamic air- 
solids separators, wet scrubbers and electro- 
static precipitators are used. All of these tech- 
niques, however, have certain disadvantages 
20 and very few of them are effective in the 
removal of gas phase impurities from such 
gaseous streams. 

Bag filters or fiber fabric filters and rigid 
porous filters, for example, are fairly effective 
25 in removing solid contaminants from gaseous 
streams. However, such filters soon become 
clogged with the gas entrained particles which 
are collected, resulting in an unacceptable 
increase in pressure drop across the filter and 
30 necessitating the use of some means to clean 
the surface of the filters. One means, for 
example, to provide continuous filtering capa- 
bility is to have a dual system, such that the 
gas can be diverted to one filter while the 
35 other is being back-flushed or cleaned. 

Another means is to provide a short pulse of 
pressure in a direction reverse to the normal 
flow. Still another means is to rap or shake 
the filter. When ceramic fibers are used to 
40 form a filter suitable for high temperature 
operation, the back flow pressure pulse and/ 
or vibration used to clean them results in a 
breakage of the ceramic fibers and a substan- 
tially shorter life for the filter. 
45 Another technique utilized to remove gas 
entrained particulates is to pass a contami- 
nated gas through a bed of granular material 
such as sand. The gas-entrained particulates 
are collected on the upstream surface of and 
50 within the sand bed. The fixed bed suffers 
from the same disadvantage as the fiber or 
porous type filters discussed before, i.e., gas 
flow must be stopped for cleaning. The fluid- 
ized bed is continuous in operation but is less 
55 effective in removing small particles than a 
fixed or dense packed moving bed. Further- 
more, it requires a substantially uniform flow 
of gas. More particularly, any sudden surge 
of gas going through the fluidized bed can 
60 result in not only the previously contained 
particulates passing through the bed but also 
a portion of the bed itself being entrained in 
the gas, thus adding even more to the particu- 
late loading of the gas stream. 
65 Moving beds are more efficient filters than 



fluidized beds (for equal bed thickness and 
material) but are not as efficient as static 
beds. It is believed that continuous motion of 
the bed dislodges some of the fine, collected 

70 particles which can then gradually migrate 
through the bed due to the force of the 
flowing gas. Nevertheless, this approach is 
useful and is the subject of several pa- 
tents. For example, U.S. Pat. No. 1,570,869 

75 discloses a two-stage arrangement in which 
the gas passes through a moving bed of 
granular material at least twice in order to 
enhance the removal of small particulates. A 
more recent patent, U.S. Pat. No. 4,017,278 

80 describes the use of an annular moving bed 
flowing between concentric vertical cylinder 
walls which are perforated to allow the gas to 
pass through the bed into the space enclosed 
by the interior cylindrical wall. Moving beds 

85 have also been proposed for the removal of 
gaseous impurities. 

U.S. Pat. No. 3,589,863 discloses a 
method of removing sulfur dioxide and parti- 
culate matter from gas streams. The acid 

90 gases and particulate matter are removed 
from gaseous streams by a process which 
comprises passing the gaseous stream 
through a bed of porous alkali metal bicarbo- 
nate aggregates. It is disclosed that the bed 

95 can be a fixed system or a counter-currently 
moving replenished system. The porous bicar- 
bonate aggregates attract the particulate mat- 
ter to their surfaces and thus remove them 
from the stream, while the acid gas is simulta- 
100 neously reacted within or around the aggre- 
gates to form solids which leave the gaseous 
stream. 

Another example of a moving bed is shown 
in U.S. Pat. No. 3,716,969 which discloses 

1 05 the use of two baffle walls which are down- 
wardly inclined in a manner to provide an 
increase in the space between them in the 
downward direction. This is supposed to facili- 
tate the downward flow of a body of granular 

110 material between the walls. 

U.S. Pat. No. 3,296,775 discloses a 
method and apparatus for treating fluids and 
non-fluid materials which utilizes a moving 
bed of granular material. The patent is 

115 particularly concerned with the periodic re- 
moval of the granular material adjacent to the 
fluid entry face of the granular material bed 
(i.e., the surface) while retaining the remain- 
der of the bed. The patentee suggests 

1 20 periodically causing a surge flow of a gas 
which sharply peaks substantially above and 
substantially immediately declines below the 
minimum steady flow rate at which the flow 
of gas causes motion of the granular material 

1 25 and in a reverse direction through the fluid 
entry portions of the apparatus to remove a 
portion of the granular material from the bed. 
Thus, particulates entrained in the gas which 
are collected on that surface are removed 

1 30 along with a portion of the granular material. 
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The principal disadvantage of granular bed 
filters is that either a very thick bed or very 
fine granular material (or both) are required to 
give high efficiency removal of particulates in 
5 the 0.5 to 10-micron size range. The require- 
ment for thick beds results in large expensive 
equipment while the use of very fine granular 
material causes high pressure drop, poor bed 
flow characteristics, and bed particle entrain- 
1 0 ment in the product gas. 

Wet scrubbers also are used for the removal 
of particulates and overcome some of the 
disadvantages hereinbefore described, 
namely, that of requiring periodic shutdown 
1 5 and cleaning. However, wet scrubbers also 
saturate the gas stream with moisture. Thus, 
the wet scrubbers cannot be used on hot, dry 
gas streams without cooling them to approxi- 
mately the temperature representing equilib- 
20 rium with liquid water at the scrubber exit 
conditions. This is an obvious wasterof ther- 
mal energy and undesirable if a clean high 
temperature gas is required. Furthermore, 
when the gas is discharged to the atmo- 
25 sphere, upon further cooling, the moisture 
condenses causing an objectionable plume. 
Dynamic mechanical devices also have been 
used, a typical example being a cyclone 
scrubber. These devices also do not require 
30 frequent shutdown for cleaning. However, 
they are relatively ineffective for particles less 
than about 5 microns in diameter. 

Electrostatic precipitators are frequently 
used for the removal of particulates from 
35 gaseous streams. Such devices have been 
found to be fairly efficient, however, a disad- 
vantage of the electrostatic precipitator is that 
efficiency is affected by the electrical resistiv- 
ity of the particles, chemical composition of 
40 the gas, temperature and other factors. As a 
result they are not economically applicable to 
many applications. 

Thus, h is seen that there is still substantial 
room for improvement in the removal of parti- 
45 culate contaminants from gaseous streams. 
More particularly, the ideal particulate con- 
taminant removal technique should be rela- 
tively simple, have a high efficiency for a 
broad range of contaminant sizes, should also 
50 be amenable to the removal of gas phase 
impurities, should not require shutdown for 
cleaning and should have a low and substan- 
tially constant pressure drop during operation. 
In addition, the technique should be applica- 
55 ble to both high and low temperature gas 
streams. 

SUMMARY OF THE INVENTION 
The present invention provides both appa- 

60 ratus for and a method of removing particu- 
lates from a gas stream, which stream may be 
within a wide range of temperatures. It is an 
advantage of the present invention that a 
periodic or frequent shutdown for cleaning is 

65 not required, ft is another advantage of the 



invention that efficient removal of a wide 
range of particulate sizes is obtained. The 
present invention is also adaptable to the 
removal of gas phase contaminants. 
70 The apparatus of the present invention pro- 
vides a filter apparatus for removing particu- 
late contaminants from a gas stream. The 
apparatus comprises a housing containing a 
substantially vertical granular material reten- 
75 tion member which is provided with openings 
for the substantially unimpeded flow of gas 
therethrough. The housing also contains a 
substantially gas-permeable microporous filter 
element having upstream and downstream 
80 faces, and tortuous flow paths therethrough. 
Typically, the filter element is formed from 
compressed or woven fibers, or sintered parti- 
cles having a median diameter of from about 
2 to 30 microns. The member and element 
85 are spaced apart to provide a passageway for 
the movement therethrough of a body of 
granular material (such as sand). The housing 
further includes a gas inlet means for the 
delivery of a particulate-containing gas to the 
90 granular material retention member and a gas 
outlet means for the removal of said gas from 
a downstream face of the gas-permeable filter 
element. The member and element provide 
the sole means for gas communication be- 
95 tween the gas inlet and the gas outlet means. 
The apparatus further includes means for 
moving the body of granular material through 
the passageway in the housing. 
In accordance with the method, a 
100 particulate containing gas is introduced into 
the inlet of the apparatus. The gas and at 
least a major portion of the particles contained 
therein pass through the granular material 
retention member and into the body of granu- 
105 lar material. Substantially all of the particles 
passing through the body of granular 
materials impinge upon and are collected on 
the upstream face of the gas-permeable filter 
element, the gas passing through the gas- 
110 permeable filter element and being recovered 
from a downstream face of said element sub- 
stantially free of particulates. Either continu- 
ously or intermittently, the body of granular 
material is moved through the passageway 
115 and across the upstream face of the gas- 
permeable filter element whereby the particu- 
late contaminants collected thereon are re- 
moved and there is maintained substantially 
constant desired pressure drop across the gas- 
120 permeable member. 

In one embodiment of the method, fine 
particles (which are larger than the particles 
being removed from the gas stream but 
smaller than the bed material) are intentionally 
125 added to the bed. These fine particles are 
blown through the bed of granular material by 
the gas stream but are stopped by the micro- 
porous gas-permeable filter element where 
they act as a filter aid in the collection of. 
1 30 contaminant particles and prevent them from 
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entering the pores of the filter element. The 
granular bed particles, added fine particles, 
and connected contaminant particles move 
together out of the system. For example, a 
5 mixture of coarse sand (e.g., 1 0 to 1 4 mesh 
or approximately 1.7mm) with a minor 
amount of very fine sand (e.g., about 20 to 
100 microns) in conjunction with a micropo- 
rous filter element (made up of a compressed 
10 sheet of 3-micron diameter ceramic fibers) 
could be used for removal of contaminant 
particles in the 0.5 to 5-micron diameter 
range. 

The invention will be more particularly de- 
1 5 scribed in conjunction with the following 
drawings wherein: 

Figure 1 is an elevation view in cross sec- 
tion of a filter panel of the present invention; 

Figure 2 is an elevation view of a preferred 
20 filter assembly which comprises a plurality of 
individual panel assemblies; 

Figure 3 is a top view of Fig. 2 taken along 
plane 3-3; 

Figure 4 is a side view of Fig. 3 taken along 

25 plane 4-4; 

Figure 5 is a vertical section of a filter panel 
of the present invention showing an alternate 
configuration for the particulate material reten- 
tion member; 

30 Figure 6 is a pictorial view of a filter panel 
of the present invention showing yet another 
configuration of the particulate material reten- 
tion member; and 

Figures 7, 8 and 9 are graphic representa- 

35 tions of flow resistance versus time for a 
series of tests. 

In the several figures like reference num- 
bers refer to like parts having like functions. 
In Fig. 1, a filter panel of the present inven- 

40 tion is generally designated by the reference 
numeral 10. The panel comprises a gas-per- 
meable filter element 1 2 having an upstream 
face 14 and a downstream face 16, and 
formed from an appropriate filter material for 

45 the removal of particulates within a desired 
size range. Typically, the gas-permeable filter 
element 1 2 will be formed from fibers either 
woven in a dense cloth or randomly oriented 
fibers which have been compressed and/or 

50 sintered to form a felt or placque. 
v The selection of fiber material is not 
particularly critical provided, of course, that it 
is not attacked by the contaminants contained 
in the gas stream to be processed and is 

55 capable of withstanding the anticipated oper- 
ating temperatures. Thus, for low temperature 
gases, conventional fabric filter material may 
be used such as cotton, woool and the various 
synthetic fibers. It is a particular advantage of 

60 the present invention, however, that the more 
brittle ceramic filter materials also may be 
used as well as porous metal filters. 

When the temperature is in excess of about 
260X, the ceramic or metal filter materials 

65 are required. Numerous filter materials are 



commercially available for the removal of par- 
ticulates from a gaseous stream and the selec- 
tion of a specific material or filter element to 
be utilized is well within the skill of one 
70 versed in the art. Generally, such materials 
provide a plurality of tortuous flow paths for 
the passage of gas therethrough and the re- 
tention of entrained particulates on the up- 
stream surface. 
75 It is a requirement of the invention that the 
gas-permeable filter element be capable of 
removing the desired amount of particulates 
by itself since the principal function of the 
body of granular material is to scour the filter 
80 element rather than trap particulates. The 
preferred filter elements are commercially 
available and have normal operating efficien- 
cies In excess of 80%. 
For a filter sheet material to be highly 
85 efrective for the removal of particles in the 
0.5 to 10 — micron range, it is normally nec- 
essary that it be fabricated from particles or 
fibers which are less than about 30 microns in 
diameter (typically, 2 to 30 microns). Particle 
90 removal by such filters occurs primarily as a 
result of diffusion, interception, and inertial 
collection. Inertial collection predominates for 
clean filters, i.e., the gas flows around the 
fibers while the particles continue in a straight 
95 line impacting on the fibers. The particles 
build up, bridge between fibers, and eventu- 
ally form a 'cake' on which interception, i.e., 
sieving action predominates. Diffusion is im- 
portant only with vapor — phase impurities (m- 
100 olecules) and very small particulates (less than 
about 0.5 microns in diameter). 

Adjacent to the upstream wall 1 4 of gas- 
permeable filter element 1 2 is a body of 
granular particulate material 1 8. The granular 
105 material may be sand or other inert material if 
the sole desire is to filter particulate matter 
from the gas stream. It will be appreciated, 
however, that the granular material also could 
be an active material or contain an active 
110 material for removal of acid or other reactive 
impurity constituents of the gas stream. For 
example, if the gaseous stream contained 
S0 2 , the granular material could be solid 
granules of an alkali metal bicarbonate or 
115 could be sand mixed with an alkali metal 

bicarbonate for the absorption and removal of 
the sulfur constituent. If the gas stream con- 
tains H 2 S, the granular material could be iron 
oxide, zinc oxide, or other metal oxide which 
1 20 is reactive with H 2 S. If the gas stream con- 
tains reactive 'fume' particles such as AICI 3 in 
sizes below 0.1 micron, the granular material 
could be activated alumina; and if the gas 
stream contains trace hydrocarbon vapors 
1 25 such as benzene, the granular material could 
be activated carbon. Numerous other equiva- 
lent active materials will be readily apparent 
to those versed in the art. 
The granular material is maintained in posi- 
1 30 tion by a substantially vertical granular 
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material retaining member designated gener- 
ally as 20 and depleted as a plurality of 
lowers 22. The louvers 22 are shown as solid 
members, however, it will be readily apparent 
5 to those versed in the art that they also could 
be formed from a screen or other perforated 
body provided the openings or size of the 
perforations were smaller than the size of the 
granular material selected. The granular 

10 material retaining member 20 and gas-perme- 
able filter element 12 provide a granular 
material passageway for confining the body of 
granular particulate material 1 8. Preferably, 
the granular material is introduced into the 

15 passageway through the top of filter panel 10 
such that it is fillable by gravity, the rate of 
flow being regulated by a valve 24 located 
adjacent to the bottom of filter panel 10. The 
rate at which the granular material is moved 

20 through the passageway is not particularly 
critical, provided of course, it is sufficient to 
provide some scouring action. A high rate of 
movement results in an unnecessary expendi- 
ture of energy. Generally, very good results 

25 are obtained when the body of granular 

material is moved across the upstream face of 
the filter element at a velocity within the 
range of from about 0.1 to 10 feet per 
minute. 

30 The thickness or depth of the body of 

granular material 1 8 is determined, of course, 
by the spacing between member 20 and 
element 12. The dimension is not particularly 
critical provided it is sufficiently deep to allow 

35 for the uniform flow of granular material 
through the passageway, i.e., at least about 
1 0 times the diameter of the particles of 
granular materials. The maximum thickness is, 
of course, limited by the amount of pressure 

40 drop which can be tolerated across the filter 
panel and the economics of the system. Spe- 
cifically, the thicker the body, the higher the 
pressure drop, which results in a correspond- 
ing increase in pumping requirements and 

45 cost. Generally, h is preferred that the pres- 
sure drop across the panel be less than about 
10% of the inlet pressure of the gas stream to 
be filtered and preferably less than about 5%. 
It is a particular advantage of the present 

50 invention that it is possible to assemble a 
panel through which the pressure drop is less 
than 2% of the inlet pressure of the gas to be 
filtered and to maintain that pressure drop 
substantially constant independent of the par- 

55 ticulate loading of the gas being treated. Gen- 
erally, the depth of body 1 8 will be within a 
range of from about one inch to eighteen 
inches, with particularly good results being 
obtained with a depth of from about 2 to 10 

60 inches. 

It is a particular feature of the present 
invention, as contrasted to the prior art mov- 
ing bed filters, that the granular material is 
selected to have a median grain or particle 

65 size in excess of that which would collect a 



major portion of the particulate contaminants 
as a 'cake 'on the upstream surface of the 
body of granular material. Thus, by selecting 
granular material with a larger median grain 

70 size, the major portion of the particulate con- 
taminants pass through the upstream surface 
of the body of granular material, and are 
collected in the body of granular material and 
upon the upstream face of the gas-permeable 

75 member. Generally it is preferred that the 
granular material have a median grain size of 
at least 20 times that of the median size of 
the particles to be collected. For example, 
when the gas stream to be treated is a flue 

80 gas having particles within the range of from 
about 1 to 1 0 microns, a body of granular 
material having a median grain size larger 
than 100 microns is preferred. Particularly 
good results are obtained when the granular 

85 material has a median grain size within the 
range of from about 0.2 to 5mm. 

It also is contemplated within the scope of 
the present invention to treat the granular 
material for reuse. Specifically the granular 

90 material withdrawn from the apparatus after 
scouring the face of the gas-permeable filter 
element is readily treatable to remove the 
particulate contaminants contained therein, for 
example, by sieving, elutriation, washing or 

95 the like. When the granular material includes 
an active material which has reacted with gas 
phase impurities, the reacted materials also 
are readily removed by conventional tech- 
niques and disposed of or regenerated for 
100 reuse. 

Referring now to Figs. 2, 3, and 4, therein 
is depicted a filter assembly 30 of the present 
invention that comprises a housing 32 con- 
taining a plurality of pairs of substantially 

105 vertical granular material retaining members 
20 and pairs of gas-permeable filter elements 
12 arranged in an alternate array to form a 
plurality of passageways for the body of gran- 
ular material 18. Housing 32 is provided with 

110 a gas inlet means 34 and a gas outlet means 
36. It also is provided with a means for 
passing a body of granular particulate material 
through the passageways, such as a granular 
material inlet 38 and outlet 40, the flow of 

115 granular material through the housing and 
passageways being regulated, for example, by 
hopper valve 24. Optionally, filter assembly 
30 also may include within housing 32 a 
plurality of baffles 42 to ensure that each of 

1 20 the filter elements 1 2 receive an equivalent 
amount of the gas to be filtered. 

Fig. 5 depicts an alternative embodiment of 
the filter panel 10 wherein granular material 
retaining member 20 comprises a screen 22a. 

1 25 Fig. 6 is a pictorial sketch of a particularly 
preferred granular material retention member 
20b wherein the individual louvers or slats 22 
are provided with an irregular downstream 
edge. In the embodiment depicted, slats 22 

1 30 are provided with a sawtooth configuration 
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wherein each downstream point 1 9 is in verti- 
cal alignment with a downstream slot or vee 
21 of the adjacent slats 22. Such configura- 
tion provides an increased surface area ex- 
5 posed to the particulate containing gas 
thereby reducing the possibilty of a cake 
buildup on the downstream edges of slats 22. 
Also, the staggered arrangement of points 1 9 
and vee's 21 provide an irregular flow path 
10 for the body of granular material 18 which 
further assists in the prevention of a cake 
buildup. 

It will be appreciated that while in the 
preferred embodiments depicted, gas-permea- 

1 5 ble member 1 2 is shown in each instance as 
a substantially vertical member, it also could 
be inclined to the horizontal and still utilize a 
gravity flow of the body of granular material 
18. It also will be apparent to those versed in 

20 the art that sand could be introduced into a 
bottom portion of the apparatus and forced 
upwardly therethrough. However, this would 
unduly complicate the practice of the inven- 
tion and therefore is not a preferred or desir- 

25 able technique. 

The present invention is particularly suitable 
for performing high efficiency cleanup of a 
gas which has passed through a fluidized bed. 
In fluidized bed combustion of coal, for exam- 

30 pie, it is desirable to perform the combustion 
under pressure, then expand the high temper- 
ature combustion gas through a gas turbine to 
extract power before passing it to a steam 
boiler. This arrangement results in a very high 

35 efficiency system for generating electric 
power. Unfortunately, fine particles of fluid- 
ized bed material or coal ash cause severe 
erosion of the expansion blades of the turbine, 
hence very high efficiency removal of fine 

40 particles is required. In the proposed applica- 
tion of the invention, a fluidized bed material 
is used as the moving bed in the filtration 
apparatus. Clean granular material intended 
for use in the fluidized bed is first fed to the 

45 top of the filtration apparatus and then 
drained from the bottom of this unit directly 
into the fluidized bed (together with collected 
fine particles). Spent fluidized bed material is 
removed as required for regeneration and re- 

50 moval of particulates or disposal as desired. 

Example 

A series of tests were run using an appa- 
ratus substantially as depicted in Fig. 1 . The 

55 tests were conducted utilizing a gas at temper- 
atures up to730°C and ominal particulate 
loadings of from 28 to 1 34 grains per stan- 
dard cubic meter. Two types of entrained dust 
particles were utilized, i.e., (1) particulate salts 

60 collected from the off-gas of a molten salt 
bath carbonaceous material comnustor and (2) 
fly ash collected by an electrostatic precipita- 
tor from an electric power station. In addition, 
two types of granular material were utilized. 

65 One was a 28 x 48 mesh (approximately 300 



to 700 micron) alumina and the other a 40 x 
70 mesh (approximately 200 to 400 micron) 
silica. Both types of sand gave similar results. 
The gas-permeable filter element was formed 

70 from ceramic fiber and obtained commercially 
as Saffil alumina paper. The ceramic fibers 
comprised relatively pure aluminium oxide 
and had a nominal diameter of 3 microns. 
The fibers are formed into a porous mat 

75 having a thickness of about 1 .5mm. 

It will be appreciated that fluctuations in the 
gas flow rate or temperature also can affect 
the pressure drop and such extraneous vari- 
ables could obscure any observation of the 

80 desired effect of the present invention. There- 
fore, the results are presented in terms of the 
'flow resistance' rather than a pressure drop. 
Flow resistance is defined as the ratio of the 
pressure drop to the air-to-cloth ratio as 

85 shown in the formula below: 

A 

Flow resistance = 

air/cloth 

90 in H 2 0 



afpm 

where the air-to-cloth ratio is the volumetric 
flow rate divided by the face area of the gas 
95 permeable filter element. It has units of veloc- 
ity (actual feet per minute) and is equal to the 
face velocity of the gas passing through the 
filter. Thus, it is seen that the flow resistance 
is independent of the flow rate and tempera- 
100 ture but does increase with an increase in 

pressure drop caused by a particulate accumu- 
lation on the gas-permeable filter element. In 
these experiments the air-to-cloth ratio was 9 
to 1 2 afpm. 

1 05 Referring now to Fig. 7, flow resistance is 
plotted against time while the apparatus is 
filtering particulate fly ash. Particulates were 
added to the feed gas during periods marked 
"ON" in Fig. 7. Beginning with a clean gas- 

110 permeable filter element and with no granular 
material in the apparatus, the flow resistance 
increases, as expected when particulates are 
injected into the gas flow and remains sub- 
stantially constant when the gas is free of 

115 particulates. Further, the data of Fig. 7 indi- 
cate that the accumulation of the particulate 
layer on the gas-permeable filter element 
causes the pressure drop to rise at the rate of 
about 0.88 inches (22 mm) of water per hour 

1 20 (the pressure drop being equal to the flow 
resistance times the air-to-aoth ratio). Thus, if 
nothing were done to remove the dust layer, 
the pressure drop would increase to in excess 
of about 6 inches (1 50 mm) of water in about 

125 7 hours. It must be appreciated that commer- 
cial fabric fitters on utility boilers generally are 
operated at a maximum pressure drop of 
about 6 inches (1 50 mm) of water. At higher 
pressure drops, the fan-power requirements 

1 30 would make the system uneconomical. Thus, 
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this test demonstrates the disadvantage of a 
conventional gas-permeable filter element. 

In Fig. 8, there is depicted the effect of 
adding sand to the apparatus. The dust layer 
5 was left on the filter element, while silica sand 
was added to the system. The furnace also 
was left on during the addition of sand to 
maintain the apparatus at the desired high 
temperature. Thereafter, a clean high tempera- 
1 0 ture flow of gas was passed through the 
apparatus. Point A in Fig. 8 shows the flow 
resistance of the system after the sand addi- 
tion was completed. The drop in the flow 
resistance from 0.29 in. water (7.4 mm wa- 
15 ter) at the end of Fig. 7 to 0.21 at Point A in 
Fig. 8 is due in part to a portion of the 
particulate layer being removed from the gas- 
permeable filter element during the addition 
of the sand. From Point A to B, the sand is 
20 stationary and the flow resistance is substan- 
tially constant. At Point B, a sand feeder was 
turned on to move the body of sand through 
the apparatus. It is seen that the flow resis- 
tance immediately starts dropping as the parti- 
25 culate layer is removed from the gas-permea- 
ble filter element. The flow resistance leveled 
at 0.123 in. water (3.1 mm water) and re- 
mained there. At Point C, particulates were 
injected into the gas stream passing through 
30 the apparatus. The flow resistance increases 
slightly for 10 minutes and then remains 
constant thereafter at about 0.1 33 in. water 
(3.4 mm water). Without the body of moving 
sand, rt was demonstrated in Fig. 7, that in 
35 approximately 110 minutes the pressure drop 
would have more than doubled. Instead, the 
pressure drop remained constant at 1.46 
inches (37 mm) of water within ± 0.7%. 
Referring now to Fig. 9, therein is depicted 
40 a plot of flow resistance versus time using the 
apparatus of the present invention to filter a 
gas stream containing entrained salt particles. 
The gas-permeable filter element is the same 
as in the previous experiment and the granu- 
45 lar material utilized was alumina sand. From 
Fig. 9 rt is seen that the pressure drop re- 
mains substantially constant throughout the 
test. By contrast, had the sand been station* 
ary, the pressure drop would have risen at a 
50 rate of about 0.8 inches (20 mm) per hour as 
demonstrated in the previous test. Thus, this 
example clearly demonstrates the efficacy and 
utility of the present invention. 
In addition, throughout the tests, the colleo- 
55 tion efficiency was measured using a gravime- 
tric method. The sensitivity of the measuring 
method was such that an amount of particu- 
lates in the product exit gas in an amount 
equal to 0.04% of that in the inlet gas would 
60 be detected. No dust particles could be de- 
tected coming out of the filter, thus indicating 
that the collection efficiency was greater than 
99.96%. 

65 CLAIMS 



1 . A filter apparatus for removing particu- 
late contaminants from a gas stream compris- 
ing; 

a housing containing a substantially vertical 

70 granular material retention member provided 
with openings for the substantially unimpeded 
flow of gas therethrough and having upstream 
and downstream faces; 
a substantially gas-permeable filter element 

75 having restricted flow paths therethrough lo- 
cated in said housing for the removal of 
particulate contaminants with an efficiency 
greater than 80%, an upstream face of said 
gas-permeable filter element being spaced 

80 apart from the downstream face of said granu- 
lar material retention member to provide a 
passageway for the movement of a body of 
granular material- 
means for moving a body of granular 

85 material through said passageway for scouring 
the upstream face of said filter element; 

gas inlet means for the delivery of a particu- 
late-containing gas to the upstream face of 
said substantially vertically granular material 

90 retention member; and 

gas outlet means for the removal of said 
gas from the downstream face of said gas- 
permeable filter element, said member ele- 
ment providing the sole means for gas com- 

95 munication between said gas inlet and outlet 
means. 

2. The apparatus of Claim 1 wherein said 
granular material has a median particle size 
substantially larger than that of the particulate 

100 contaminants to be removed. 

3. The apparatus of Claim 2 wherein said 
granular material has a median particle size 
within the range of from about 0.1 to 5.0 
millimeters. 

105 4. The apparatus of Claim 1 wherein said 
gas-permeable filter element is formed from 
fibres. 

5. The apparatus of Claim 4 wherein said 
fibres have a diameter within said range of 

110 from about 2 to 30 microns. 

6. The apparatus of Claim 1 wherein said 
means for moving said body of granular 
material provides for intermittent movement to 
maintain a gas flow pressure drop across the 

115 apparatus within a desired range. 

7. The apparatus of Claim 1 wherein said 
means for moving the body of granular 
material provides for continuous movement of 
said granular material when said apparatus is 

1 20 in operation. 

8. The apparatus of Claim 1 wherein said 
gas-permeable filter element is formed from 
ceramic fibres for filtering gases at a tempera- 
ture in excess of about 260*C. 

125 9. The apparatus of Claim 1 wherein there 
is provided a plurality of alternating pairs of 
said retention members and pairs of said filter 
elements. 

1 0. A method of removing particulate con- 
1 30 taminants from a gas stream comprising; 
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providing a gas-permeable filter element 
having upstream and downstream faces and 
tortuous flow paths therethrough; 
providing a body of granular material 
5 against the upstream face of said gas-permea- 
ble filter element; 

passing a particulate contaminant-contain- 
ing gas through said body of granular material 
and said gas-permeable filter element whereby 
10 the particulates are collected in the body of 
granular material and on the upstream face of 
said gas-permeable filter element; 

moving said body of granular material 
across the upstream face of said gas-permea- 
1 5 ble filter element to scour the face of said 
filter such that the pressure drop remains 
substantially within a desired range during 
operation; and 
withdrawing a substantially particu late-free 
20 gas from the downstream face of said gas- 
permeable filter element. 

1 1 . The method of Claim 1 0 wherein said 
granular material has a particle size substan- 
tially larger than that of the particulate con- 

25 taminants to be removed. 

12. The method of Claim 10 wherein said 
granular material has a median particle size 
within the range of from about 0. 1 to 5.0 
millimeters. 

30 1 3. The method of Claim 1 0 wherein said 
gas-permeable filter element is formed from 
fibres. 

14. The method of Claim 1 3 wherein said 
fibres have a diameter within the range of 

35 from about 2 to 30 microns. 

1 5. The method of Claim 1 0 wherein said 
body of granular material is moved intermit- 
tently to maintain the pressure drop across the 
gas-permeable fitter element substantially 

40 withing the desired range. 

1 6. The method of Claim 1 0 wherein said 
body of granular material is moved continu- 
ously to provide a substantially constant de- 
sired pressure drop during operation. 

45 1 7. The method of Claim 1 0 wherein said 
gas-permeable filter element is formed from 
ceramic fibres and said particulate contami- 
nant-containing gas is introduced at a temper- 
ature in excess of about 260X. 

50 1 8. The method of Claim 1 0 wherein said 
body of granular material is moved across the 
upstream face of said gas-permeable filter 
element at a velocity within the range of from 
about 3 cm to 300 cm per minute. 

55 1 9. The method of Claim 1 0 wherein said 
gas stream also contains gas phase impurities 
and said granular material includes an active 
granular material to react with and retain said 
gas phase impurities. 

60 20. The method of claim 1 0 wherein a 
fine particulate filter aid having a median 
particle size of from about 20 to 1 00 microns 
is injected into said body of granular 
material. 

65 21 . The method of Claim 1 0 wherein said 



granular material is removed after passing 
across the upstream face of said gas-permea- 
ble filter element, treated for the removal of 
collected particles therefrom, and returned to 

70 the upstream face of said gas-permeable filter 
element for reuse. 

22. The method of Claim 10 wherein said 
particulate contaminant-containing gas is an 
effluent gas from a fluidized bed gas/solids 

75 contacting operation, and sard granular 
material is transferred to said fluidized bed 
after moving across the upstream face of said 
gas-permeable filter element. 
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